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Tumor Suppression by Cell Walls of 
MycoboctMum bovis Attached to Oil 
Droplets ^ 



Berfon Zbor^ Heibtit J. Rapp, anJ Edgar E. Ribi/ Biology 
Branch Noflonol Cancer InsiiMe? BefhesJa, Maryland 300 14 



SUMMARY — Hie srowth ol syngenetc suineo-pig tumor transplants 
in skin was suppressed if the tumor cells were Snocutoted together wHh 
boctllus Gslmette-Gu^in (BCG) cell walk otfacked to oil droplets. Tumor 
growth wos not inhibited if the tumor celb were given together wirfi 1) 
BCG cell walls^ 2) oil droplets, ond 3) oil droplets ond BCG cell wolb 
prepared so as to prevent attachment of the wo lis to the oil droplets. Animals 
fn which tumor ^ovrth wos suppressed acquired systemic tumor Immunity. — 
J Not Cancer Inst 48: 831-635, 197S. 



WE HAV£ reported that the intradennal growth 
of a transplantable, syngcaeic gxiinea-pig bepato- 
catcinoina in normal guinea pigs is suppressed if 
the tumor cells are inoculated together with living 
badUus Cahnette^u&rin (BCG) (7, 2). Heat- 
killcd BCG or extracts of taberde bacilli did not 
inhibit tumor growth. For treatment of cancer 
patients^ however, nonliving mycobacterial prepa- 
rations with tumor-suppresnve properties would be 
preferable to living BCG. We now report that cell 
walls of BCG attached to oil droplets possess potent 
tumor-suppressive activity. Preparations of this type 
are as effective as living BCG in preventing 
pulmonary tuberculosis in mice and monkeys 

MATERIALS AND METHODS 

Anancds. — Scwall-Wright inbred strain-2 zxiaie 
guinea pigs were obtained from the Laboratory 
Aids Branch, Division of Research Services, Na* 
tiooal Institutes of Health (5). Skin grafts between 



members of the strain are not rejected (5). Guinea 
pigs were grouped 6 per cage and fed Wayne 
guinea pig chow daily and kale 3 times a week. 

Ttsmors.—Wc have described the induction of 
primary hepatomas in 8train-2 guinea pigs fed the 
watcr^uble carcinogen diethylnitcosamine (7) 
and the antigenic and biologic properties of the 
transplantable tumors derived from the primary 
hepatomas (8^ 9). A transplantable hepatoma 
designated tumor line 10 (seventh to eleventh trans- 
plant generatioiis) was used. Tximor line 10 is a 
hepatocdlular carcixuima converted to ascites form. 
Intradermal inoculaticm of 10^ ascites line-lO tmnor 
cells leads to progressive intradermal growth and 
metastases to the regional lymph nodes. Animals 
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die about 60 days after intradennal inoculation of 
1.5 X 10* tumor cells (2). 

Pt4par<ai6n oj ^ zirdZr.— CeU walls of the 
Glaxo strain of BCG were prepared as in UO)- 
Mycobacteria were grown in Saaton*s mediuin at 
the Ledcrle Laboratories (Pearl River, N-Y.)- After 
3 weeks in culture, the bacteria were disrupted in 
tiie SorvaE i«fidgeratcd jwessure cdl at 35,0(M) 
pounds per square inch- Cell walls were obtained 
by ceatrifiigation of the mixture at 20,000 X g for 
1 hour. The pellet was resuspcoded in distilled 
water and washed several times until only cell walls 
YFCTC visible under the electron nucroscopc. 

Prepfxratwn of BCG cdl walls aitadted to oil drop' 
hU.—Ttce2e^ed ccU walls (25 mg) were placed 
in a l5-ml tissue grinder equipped with a Teflon 
pestle (Sdentific Glass Apparatus C3o., Inc^ Bloom- 
field, N J.). A light minera] oil (0.12 ml), Drakcol 
6 VR (Pennsylvania Refining Co., Budcr, Penna.), 
was added to the cell walls. This mixture was 
ground to a smooth paste; the pestle was rotetcd 
at 800 rpm. Ten ml 0.85% Nad containing 0.2% 
Tween 80 (polyoxycthylene derivative of sorbitan 
mono-oleatc, AUas Powder Co., Wilmington, Del.) 
was added to the paste, and grinding was con- 
tinued until a well-dispersed oil-in-water emulsion 
was ohtained. The .emulsion was poured into a 
sterile container and 6.7 ml Tween-sahnc dUuent 
was added to the grinding tube. Grinding was 
continued for 2-3 minutes. The 2 emulsions were 
combined and ground for an additional 2-3 min- 
utes. This emulsion containing U5 mg cell walls 
per ml was heated at 65°C for 30 minutes in a 
water badi. Examination of the product wiA the 
light microscope showed spherical oil droplets 
varying from < I to >15 m: discrete particles 
appeared to be attached to the surface of the oil 
droplets. Photographs of similar emulsions arc in 
(/i)- 

Preparation of oU droplets aloju. celi walls alone, and 
cell walls not attached to oil dropleU.—OiX droplets 
alone: This preparation was made in the same way 
as the BCG cell walb attached to oil droplets 
except for the oxnisston of the ccU walls. Under the 
light microscope this product showed dear spherical 
oil droplets varying firom <1 m to >15 m- C^U 
walls alone: The method was the same as for the 
BCG ceil walls attached to oil dropleU except for 
Ac omission of the oil. Under the ligiht microscope 



diis product showed cdl wall fragments varying 
£rom 2-5 m> Cell waUs not attached to oil droplets: 
In thi^ preparation, the oil in water emulsion was 
made first and the cell walls were added without 
further grinding. The cell walls were dispersed in 
the emiidsion by gentle mixing. Under the light 
xmcroscope this product showed dear spherical oil 
droplets varying oze and aggregated cell walls 
that remained nnattadied to oE droplets. 

Preparation of tumor cdl msSmes J&r inoctdation. — 
Asdtes tumor cells^ obtained as described in {J2)t 
were washed 3 times in medium 199 without anti- 
biotic Equal volumes of asdtea tumor cells and the 
appropriate emxtlidon or cell wall preparation were 
mixed at room temperature, in 13 X 100 mm 
sQiconized, sterile, glass test, tubes; they were 
incubated at 37*C for 10 minutes* and then 0.1 
ml was injected intradcrmaliy into unimxxxunized 
guinea pigs. * 

Measmement of delayed skin reactions and papules. — 
Ddayed skin reactions were measured 24 hours 
after injection of the nnxtures. Papules were 
measured at several intervals after ixyection. Two 
diameters of the skin reaction or papule perpezKliC- 
ular to one another were measured. The two di- 
ameters were used to calculate the square of the 
average radius of the skin reaction or papule. In 
experiments in which several animals were chal- 
lenged with portiorjs of the same tumor-cell 
mycobacterial antigen mixture^ the square of the 
average radius for each Icaon produced by the 
same number of tumor cdls was calculated. Results 
were expressed as the mean of the square ± the 
starKlard error of the mean. 

Each experimental group contained 3 gxiioea 
pigs- At each time point, the results represent the 
value of 3 animals. Each animal received a 
single test mixture. 

RESULTS 

In preliminary experiments* oil-treated cell walls 
of BCG were injected intradcrmaliy into guinea 
pig3 immunized with BCG and into unimmunised 
guinea pigs- The following day, typical delayed 
cutancous-hypcrsenmtivity reactions were seen only 
in guinea pig3 immunized to BCG. Three days later, 
. in immunized and urimmumTyd guinea jpigs an 
inflaixunatory nodule was at the injection site of 
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oa-treatcd ccU walls of BC». This nodtile peisistcd 
for 3 weeks. A small scar was left at the site of the 
healed nodule. This experiment indicated that 
oU-treated cctt walls of BCG contained myco- 
bacterial antigens and, like Uving BCG, produced a 
chionic inflammatory nodule which healed in 3-4 

weeks. , 

The posable tumor^ppicssive pn^perties of oU- 
trcatcd cell walls were evahiated in the next 
experiment. Group 1 received an intradermal 
injectioa co"*^^^^»g oil-tceated .cell walls (75 lig) 
and 1.5 X lOP living linc-lO tumor cells. Group 2 
was given an intradermal injection containing oU 
droplets without ccU walls and 1.5 X 10» Uvii^ 
linc-10 tumor cells. Group 3 received an intra- 
dermal ii^ection containing 1.5 X 10* Uving line- 
10 cells diluted with 0M% saline contaimng 
0.2% Twccn. Group 4 was inoculated intradermally 
with l^ X 10" living linc-lO tumor cells diluted 
with 0.85% saline without Twecn. The results of 
the experiment arc iUostratcd in text-figure 1- 
Oil*treated ceU walls completely suppressed tumor 
growdi. OU droplets without ccU walls or saline 
containing T ween did not inhibit tumor growth. 

The following experiment was dcagned to 
determine whether bacterial cell walla without oU 
droplets would inhibit tumor growth and whether 
the oe^ walls had to be attached to theoO drt^tB 
for tumors to be suppressed. Group 1 received an 
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Tff— TT 
DMB Arm MlECTtON 

TKXT-rm\mA USupprcBson of tumor groMrtb by oil- 
treated cell wall of BOG. •: Cell walb attadied to oil 
droplct3+ 1.5X iOttliM^iOtunMff ceils. O: Ofl droplets 
-f 13 X 10" Iin©-10 tumor celb. Q: t)35% saliae coa- 
uining 0^% Tween 80 4^ 13 X 10» Imo-lO tumor cdb. 
A- 0.85% saline + 1.5 X 10" Kne-^** ^ 



intradermal injection of 75 pg oU-treated cell 
walls + 1.5 X lOP living line-iO tumor cells. 
Group 2 was given 75 Mff cell walls without oil 
droplets + 1.5 X J0« living line-lO tomor ccDs. 
Grou p 3 received 7 5 ffg^dljfyj^^^ 

oa '"<go^5X ^4-iui^ ^ 



'waT ttSted wriiSh. I A X To* line-10 cells dUutcd 
with saline containing Tw<>^n- 'y^ie rrnnilN nf thia. 
experiment (text>fig. 21! H^^catc^J bal^ cr J l -j yalls - 
alone and ^ff? m ,tfrp T^reseocc of^-femLJaat^ 
attached to^ oil drot)lets ^ vre r e , ineffective in tumor 

l^o test whether guinea pigs treated with a 
mixture of oU-treated cell walls of BCG and tumor 
cells had developed systemic tumor immunity, 
guinea pigs rccaved intradermal injections of 10* 
Uving line-10 tumor cells. The challenge dose was 
inoculated contralateral to the immunization ate. 
The presence of delayed cutaneous hypcrsenativity 
reactions to tumor cells and prevention of tumor 
growth (table 1) indicate that guinea pigs treated 
with vaccine had developed systemic tunoor 
immmuty. 

DISCUSSION 

These experiments demonstrate that a nonliving 
nrycd>acteria] preparation can completely suppress 
tumor growth. The tumor-suppressive property of 
oil-treated ceU walls is in contrast to the previously 
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TkXT-Ficnms 2.— Suppresiion of tumor growth hf oil- 
treated ccU wans of BCG. •: Ccfl wbUs attached to oil 
droplets + 1-5 X 10* Kno-10 tumor cdU. O: Ctdl walls 
+ I 5 X 10» ^t-lO tumor cells. Q: 0.85% saline cm*- 
taining 0.2% Twwa 80 + 1.5 X 10" lino^lO tomor 

Cell walb not attached to oil droplets -f- U X 10** 
Hnc-lO tumor cells. 
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Table 1. — Tumor tmmuiuty after iDtradennal i^Jectioa of oU-tieated myoobacterial cell walls and living tumor 

cells 



Treatmeiit 



Delayed cutaneous bTpdT- 
Bea^vity- t-eactions at 2% tx — 
radius squsied, mm? 



Ttimor incidence at 10 days 
attet oballanfia with. 10^ tumor 
cells 



Erpt. 1* 



£xpt. 2 



EzpC 1 



Ezpt. 2 



Oil-tieated cell walls and living tumor ceQs 27 :b 2 Kot done 

None 7 1 Not done 



free of tumor at the ttm» of dtb ropoct^ Snunltu after fthnllrnigft. Tmnon In tb« nirtrnmrmtTWI gioap grew projjisriTcly . 



reported -(2, 7J) lack of tumor inhibitioa in guinea 
pigs not immunized to BCG when other nonliving 
mycobacterial antigen preparations >vcre used (cell 
avails alone, purified protein deiivative» hcat-killcd 
BGG> crude tubercoloprotein). In immunized 
guix^ pigs^ tumor may be partially suppressed by 
nonliving antigena* There have been reports 
that nonliving preparations or fractlODS of myco- 
bacteria are effective in tumor inhibition (7-^). The 
experimental model described in tiiis report offers 
tlie possibilit/ of comparing the tumor-inbibitmg 
capacity of noolxving preparations of mycobacteria. 

Injection of cB-treated cdl vfaUs mixed with 
living tumor cells leads to the development of 
tumor immunity. Recent studies of tumoar im- 
munity produced by injection of mycobacteiial 
antigoirtumor mixtures indicate diat differ^ 
-ences exist in ^e iiitensity of tumor immunity pro- 
duced by different mycobacterial antigen prepa- 
rations 0-^5) - For example, intradomal inununi- 
sation with-oomplete Freund's adjuvant and tumor 
cells was not as^cffective as intradermal immuni- 
'zation with Uving BGG and tumor ceUs. 

We do not know wlxy BGG cell walls attadKd 
to oil droplets can suppress tumor growth. If the 
mechanism of tumor suppression by oil-treated 
BOG cell walls is dmilar to that obtained with 
Uving BCG, this means that in some unknown 
fashion the oil droplets make it posSble for the 
recipient to respond immunologically to BGG cell- 
wall antigens by the production of q> ccifically 
sensitized lymphocytes. Interaction of these lym- 
phocytes and BGG antigens in the presence of 
tumor cells causes the aocumuladon of nonlymphoid 
cells responsible for tumor cell death. 

This work may provide a simple, rapid model 
for determining the components of the tubercle 
badlhis required for tumor suppression and indi- 



cates that a nonliving mycobacterial antigen 
preparation may be clinically useful for inhibiting 
tumor growth. 
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